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Abstract 
Okra is an important agricultural product in Thailand and no research, yet to date, has determined on the effects of 
different processing methods on physical and chemical organic and conventional okra. Therefore this study was 
determined on the effects of moisture heating (blanching and boiling) and vacuum frying on physical and chemical 
constitutes of organic and conventional okra. The processing methods included blanching, boiling and vacuum frying. 
The results unveiled that the boiling treatment strongly affected to the quality than the blanching treatment. Herewith, 
both processes increased fiber and the beta-carotene content of both organic and conventional okra, while 
carbohydrate, protein, fat, ash, pH, °Bx, total sugar and vitamin C level decreased after processing. The vacuum 
frying treatment reduced physical and chemical quality, but increased beta-carotene content. The processed organic 
okra contained higher beta-carotene than it did in the conventional okra. In summary, the heating processes affected 
on the physical and chemical quality of organic okra less than conventional cultivated okra, especially on vitamin C 
and beta-carotene content. 
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1. Introduction  
Okra (Abelmochus esculentus L.) is an important vegetable for agricultural products in Thailand where 
approximately 5,288 rais(8.46 km2) is cultivated. The main export markets for okra are Europe, USA and 
Japan with the export of about 330.3 million baht per year [1]. It usually undergoes cooking before being 
consumed. The literature have shown that heating process can result in significant decline in flavour and 
nutritional value especially bioactive compounds such as ascorbic acid and carotenoids[2-3]. Blanching 
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and boiling are the majority process in the cooking of okra. They are the processes of wet heating at the 
80-100oC for several minutes in order that inactivate the enzymes causing color, sensorial and nutritional 
changes in fruit and vegetable products [4]. They drastically reduce not only the vitamin C content but 
also the antioxidant properties in green leafy vegetables [5]. Vacuum frying is a commercial processing 
for premium fruit and vegetable product. It can be used to improve the quality of fried food by allowing 
minimal exposure to oxygen and by using pressure to evaporate water at lower than 100oC [6].  The 
vacuum frying process contributes to some bioactive compounds level, i.e., in fried carrot, the beta-
carotene content is reduced while the vitamin C content is increased [7]. Owing to the lack of research in 
term of “the effect of heating on organic and conventional okra”, by that, if an academic work discloses 
how organic food is better than conventional one, it will induce numerous consumers to consume organic 
products. The sake of this study, hence, was to monitor the influence of cooking, i.e., moisture heating 
and vacuum frying, on the physical and chemical changes in organic and conventional okra. 
  
2. Materials and Methods   
2.1. Plant materials   
 
Certified organic okra was provided by Rangsit Farm, Pathumthani province, Thailand. It was 
cultivated under organic environmental condition on clay soil with the compost from cattle. Conventional 
okra was purchased from the cultivation land in Banglen Amphor, Nakhon Pathom province, Thailand. It 
cultivated through a regular condition on the combination of clay and sand with commercial chemical 
fertilizer (46-0-0) and chemical insecticides, namely, neonicotinoid lighting and imidacloprid. These two 
types of okra were obtained from 2007 till 2008. They were controlled by the period of the harvest (3-4 
days for harvesting the plant per time). The okra from the farm was then packed in a polyester bag and 
stored at 10 ºC in a polystyrene container with dry ice until it arrived at the laboratory within 4 hours. 
2.2. Physical and chemical measurement 
 
The physical qualities of the okra were measured in two aspects. The firmness value was determined 
by using a texture analyzer (TA-XT2plus, UK) with a cutting probe (HDP/BSW model). The color 
measurement was carried out instrumentally using a Hunter Lab machine (Miniscan XE plus, U.S.A.) The 
CIE L*, a*, b* were measured. The L* value presents a measurement of the lightness of the material from 
100 for absolutely white to zero for black. The redness to greenness and yellowness to blueness are 
denoted by a* and b*, respectively.  
All solvents used were analytical grade and purchased from Merck(Darmstadt, Germany) or Sigma-
Aldrich (Steinheim, Germany). Moisture content, carbohydrate, protein, fat, ash, fiber, total sugar were 
analyzed according to the standard method of AOAC [8], vitamin C content [9], beta-carotene was 
determined by using HPLC carried out at Central Laboratory(Thailand) Co., Ltd, Chachoengsao branch. 
The pH of the okra homogenate was measured, using a digital pH meter (WTW 315i, Germany). The 
total soluble solid) ÑBxwas monitored by refractometer (ATC-1E, Japan). 
 
2.3. Study on the quality of fresh okra and cooking effects 
The effects of cooking will be investigated on the physical and chemical properties before and after the 
process of moisture heating (blanching and boiling) and vacuum frying.  
Moisture heating was achieved by blanching the fresh organic and conventional okra (500 grams fresh 
okra per 5 liters of water in each replication) at 100ÑC for three minutes, while boiling treatment was 
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conducted at 100ÑC for five minutes [10]. After this procedure the okra were then immediately immersed 
into cold water for two minutes.  
        Organic and conventional okra were fried (500 grams per 20 liters of palm oil in each replication), 
using a vacuum frying machine (ONV-15i, Thailand) at 100 ÑC for 20 minutes.  
 
 2.4. Statistical analysis 
        The experiments were carried out using completely randomized design. The measurements were 
performed in three repetitions. The results were statistically analyzed by SPSS version 11 for the Analysis 
of Variance (ANOVA). The test of mean comparison according to Duncan’s new multiple range tests 
were applied with a significant level of 0.05.  
3. Results and Discussion   
3.1. Moisture heating   
       The moisture treatments caused the organic okra firmer and less color change than did in the 
conventional okra (Fig. 1 and 3). This can be discussed that higher amount of fiber content in organic 
okra contributed to firmer and more rigidity than conventional okra. The wet cooking induced darker 
color on the conventional okra than the organic okra (brightness value (L*) decreased, while the value of 
greenness(a*) and the yellow(b*) significantly increased(p 0.05). It caused from the dark green color 
(chlorophyll) of the plant was heated, the chlorophyll is converted to brown green color (pheophytin) 
[11]. The results in accordance with [12] who reported that wet heating method (blanching and steaming) 
produced higher amount of pheophytins which was an unwelcome brownish degradation compound. 
 The chemical quality of both samples of okra decreased when they were moisture heated (Fig. 2 and 
4). The heating process with hot water allows the minerals, water soluble vitamins and other soluble 
compounds such as soluble protein and sugar to be removed [2] from the okra. Nevertheless, the blanched 
and boiled organic product turned out to be of better quality in that a lower decline in vitamin C               
(-14.66%) and a higher levels of beta-carotene (+10.10%), meanwhile boiling treatment disclosed the rate 
of vitamin lose and beta-carotene increased equal to 25.97 and 6.64% respectively. The increased beta-
carotene content may involve in either complex changing in the carotenoid - protein or transforming 
during isomerisation [13]. This result was in conformed to the results of boiling leafy green vegetable 
[14] who showed that the green leafy vegetables with cooking water retained were found to have the 
maximum retention of beta-carotene. 
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Fig.1. Physical quality of before and after blanching of organic and conventional okra; (a) firmness value; (b) color value 
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Fig. 2. Comparison the chemical qualities; (a) moisture, carbohydrate, protein fat, ash and fiber content; (b) total soluble solid, total 
sugar, vitamin C, beta-carotene content and pH of the organic and conventional okra processed by blanching treatment. Each 
bar represents the average of three determinations with error bar showing the standard error of the mean 
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Fig. 3. Physical quality of before and after boiling of organic and conventional okra; (a) firmness value; (b) color value 
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Fig. 4. Comparison the chemical qualities; (a) moisture, carbohydrate, protein fat, ash and fiber content; (b) total soluble solid, total 
sugar, vitamin C, beta-carotene content and pH of the organic and conventional okra processed by boiling treatment. Each 
bar represents the average of three determinations with error bar showing the standard error of the mean 
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3.2. Vacuum frying  
After vacuum frying, the conventional okra was less firm, but had more “swarthy” color compared to 
the organic okra (Figure 5). This is because the fresh okra contained more protein content, allowing more 
of the Millard reaction in the outer crust [11] than in the comparable organic okra.   
The main purpose of frying is the development of characteristic colors flavor and aromas in the crust 
of fried food. During frying process, the Maillard reaction, the outer crust of fried food, the removal 
moisture, oil absorption and the loss of nutrient occurred. Therefore, after vacuum frying process, organic 
and conventional okra resulted in a loss of the chemical qualities (Fig. 6) with the exception of the beta-
carotene and fat contents. The significant increase in beta-carotene and fat content owing to oil absorption 
and entrainment [2][15]. This is a consequence of the abundant of beta-carotene contained in the used 
palm oil in this experiment. The oil penetration, thus, allows immigration of the beta-carotene into the 
samples. The interesting point after vacuum frying treatment is, although frying oil can less penetrate into 
the organic sample, actual beta-carotene content could be less immigrate into the fried okra, but it turned 
out that more beta-carotene content( from 0 to 1,196 microgram per 100 grams) in comparison with fried 
conventional okra( from  0 to 724 microgram per 100 grams ). The reason suggested in a similar way to 
the described through the moisture heating effects, additionally reason may caused from the different in 
vegetable texture[5].  Moreover, the organic sample had amount of protein, fiber and vitamin C content 
left more than the conventional sample (Table 1) after the frying process. 
 
(a)                                                                                                       (b)
  
 
 
 
 
 
 
 
 
 
 
Fig. 5. Physical quality of before and after vacuum frying of the organic and conventional okra; (a) firmness value; (b) color value 
 
Table 1.  Percent change in the chemical qualities of organic and conventionally grow okra before and after processing.  
organic okra conventional okra 
Blanching    
                fiber (% wet basis)  +8.72 +10.80 
                beta-carotene(% wet basis) +10.10 +4.92 
                vitamin C (mg/100g) - 14.66 -58.09 
 
Boiling                                     
                fiber (% wet basis) 
                beta-carotene(% wet basis)  
                vitamin C (mg/100g)
Vacuum frying 
                protein (% wet basis)
 
 
+1.34 
+6.64 
- 25.97 
 
 
+11.5 
 
 
+3.82 
+6.31 
-68.30 
 
 
+52 
                fiber (% wet basis) 
                beta-carotene(% wet basis)  
                vitamin C (mg/100g)
-16 
+1,195.96 
-47 
-35 
+ 723.70 
-74 
 
Sign of - means decrease, + means  increase 
0
1000
2000
3000
4000
5000
6000
before frying after frying before frying after frying
organic conventional 
fir
m
ne
ss
 (g
)
-20
-10
0
10
20
30
40
50
L* a* b*
co
lo
r v
al
ue
organic before frying organic after frying
conventional before frying conventional after frying
43A. Arlai et al. / Procedia Engineering 32 (2012) 38 – 44
 
 
                                          (a)                                                                                      (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                             
 
   (c) 
 
 
 
                                                                        
                                                                          
  
 
 
 
 
 
Fig. 6. Comparison the chemical qualities; (a) moisture, carbohydrate, protein fat, ash and fiber content; (b) total soluble solid, total 
sugar, vitamin C and pH;  (c) beta-carotene content of the organic and conventional okra processed by vacuum frying. Each 
bar represents the average of three determinations with error bar showing the standard error of the mean 
 
4. Conclusions   
The heating process has less effect on the chemical quality of the organic okra than did in the 
conventional okra, especially in the vitamin C and beta-carotene content. These results indicated that the 
organic okra greatly endured the frying and moisture heating processes when compared with the 
conventionally grown product. Therefore, consuming the processed and/or non processed organic okra 
would rather enhance health promoting benefit than the consuming conventional farm cultivated. 
However, the okra samples used in this study came from the different cultivation places, therefore, the 
growing area, environmental conditions and climate where the different okras grew may partially affect to 
the qualities.  
Acknowledgements 
The authors would like to thanks the Research and Development Institute, Nakhon Pathom Rajabhat 
University and the Thai Research Fund (TRF) for the project grant. Also, it is important to state on 
appreciation to Rangsit Farm for kindly donating the organic okra used in this study. 
0
200
400
600
800
1000
1200
1400
1600
before frying after frying before frying after frying
organic conventional
be
ta
-c
ar
ot
en
e 
(μ
g/
10
0g
)
0
1196
0
724
0
10
20
30
40
50
60
70
80
90
moisture carbohydrate protein fat ash fiber
 c
om
po
si
tio
ns
 (%
w
et
 b
as
is
)
organic before frying organic after frying
conventional before frying conventional after frying
0
5
10
15
20
25
30
     total soluble
solid (°Bx)
   total sugar         
(%wet basis)
vitamin C
(mg/100g)
pH
co
m
po
si
tio
ns
organic before frying organic after frying
conventional before frying conventional after frying
44  A. Arlai et al. / Procedia Engineering 32 (2012) 38 – 44
References  
[1] Department of Agricultural Extension. Okra. Bangkok:Ministry of Agriculture and Cooperatives; 1984. (In Thai). 
[2] Fellows P. Food processing technology. 2nd ed. Cambridge: Woodhead Publishing Ltd ;2000. 
[3] Onayemi O, Badifu GIO.Effect of blanching and drying methods on the nutritional and sensory quality of leafy vegetables. 
Plant Foods Hum Nutri 1987; 37: 291-298. 
[4] Beckett ST. Physical-chemical aspects of food processing. 1st ed. New York: Blackie Academic& Professional; 1995. 
[5] Ganiyu O, Effect of blanching on the antioxidant properties of some tropical green leafy Vegetables. LWT 2005; 38: 513-
517.  
[6] Shyu SL, Hwang LS. Effect of processing condition on the quality of vacuum fried apple chips. Food  Res  Inter 2001; 
34:133-142. 
[7] Shyu SL, Hwang LS. Effect of vacuum frying temperature on the chemical component of fried carrot chips. J Agr Food 
Chem. 1999; 1 (1):61-65. 
[8] AOAC. Official Methods of Analysis of AOAC international. 17th ed. Arlington: Association of Official Analytical 
Chemists; 2000. 
[9] AOAC. Official Methods of Analysis of AOAC international. 16th ed. Gaithersburg: Association of Official Analytical 
Chemists; 1994. 
[10] National Food Institute.Processing. http://www.nfi.or.th/recycle /pdffile/poo104.pdf.(Assessed:  30 March 2008)  
[11] Belitz HD, Grosch W, Schieberle P. Food chemistry. 4th ed. Springer, Berlin; 2009. 
[12] Marquez UML, Sinnecker P. Chlorophylls in Foods: Sources and Stability. In: Socaciu C, editor.  Food colorants chemical 
and functional properties,  Boca Raton: CRC press; 2008, p. 195-212.  
[13] Ruiz-Rodriguez A, Marin FR, Ocana A, Soler-Rivas C. Effect of domestic processing on bioactive compounds. Phytochem 
Rev 2008; 7: 345-384. 
[14] Rajyalakshmi P, Venkata Lakshmi V, Padmavathi TVN, Suneetha V. Effect of processing on beta-carotene content in forest 
green leafy vegetables consumed by tribals of south India. Plant Foods Hum Nutri 2003; 58:1-10. 
[15] Edem DO. Palm oil: biochemical, physiological, nutritional, hematological, and toxicological aspects: a review. Plant 
Foods Hum Nutri 2002; 57: 319-341. 
